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
)LJ0HFKDQLVPRIKHDWWUDQVIHU
6RXUFHVRIKHDWLQPLQHV
7DEOH0DMRUVRXUFHVRIKHDWLQPLQHV
2SHQFDVWPLQHV 8QGHUJURXQGPLQHV
6XQOLJKW *HRWKHUPDOJUDGLHQW
:RUNLQJPDFKLQHV $XWRFRPSUHVVLRQ
%ODVWLQJ 0HFKDQL]HGHTXLSPHQW
6SRQWDQHRXVKHDWLQJLQFDVHRIFRDOPLQLQJ ([SORVLYHVDQGEODVWLQJ
 0HFKDQLFDOSURFHVVHVDQGOLJKW
:KLOHLQRSHQFDVWPLQHVWKHPDLQVRXUFHRIKHDWLVWKHVXQDQGWKHDPRXQWRIKHDWJHQHUDWHG
E\RWKHUVRXUFHVLVDOPRVWQHJOLJLEOHDVWKHKHDWJHQHUDWHGE\WKHVHVRXUFHVLVLPPHGLDWHO\GLVVLSDWHGLQ
WKH HQYLURQPHQW QRW LQFUHDVLQJ WKH VXUURXQGLQJ WHPSHUDWXUH WR DQ XQFRPIRUWDEOH OHYHO 8QOLNH LQ
XQGHUJURXQGPLQHVWKHKHDWUHOHDVHGJHWVFRQILQHGWRWKHZRUNLQJDUHDLISURSHUFDUHLVQRWWDNHQWKH
WHPSHUDWXUHRIWKHZRUNLQJDUHDFDQLQFUHDVHWRDQXQFRPIRUWDEOHOHYHO%HORZVRPHVXFKVRXUFHVDUH
GLVFXVVHGLQEULHI
3.1. Geothermal gradient 
7KH LQFUHDVH LQ VWUDWD WHPSHUDWXUH ZLWK UHVSHFW WR GHSWK LV NQRZQ DV JHRWKHUPDO JUDGLHQW
0F3KHUVRQ,QRWKHUZRUGVJHRWKHUPDOJUDGLHQWLVWKHUDWHRILQFUHDVHLQWHPSHUDWXUHZLWKWKH
LQFUHDVHLQGHSWKLQWKH(DUWK¶VLQWHULRU7DEOHVKRZVWKHYDULDWLRQLQWHPSHUDWXUHDVZHPRYHGRZQ
WKHGHSWK

7DEOH9DULDWLRQLQWHPSHUDWXUHZLWKLQFUHDVLQJGHSWK
'HSWK (IIHFWRQWHPSHUDWXUH &DXVH
:LWKLQP $OPRVWHTXDOWRWKHWHPSHUDWXUHRIWKHDPELHQW
DLU

PP 9DULDEOH $IIHFWHG E\ WKH DWPRVSKHULF FKDQJHV DQG FLUFXODWLQJ
JURXQGZDWHU
%HORZP $OPRVWDOZD\VLQFUHDVHV 'XH WR WHFWRQLF VHWWLQJV DQG WKHUPDO SURSHUWLHV RI WKH
URFN

)RU GU\ DLUZD\V WKH IORZ RI KHDW IURP WKH VXUURXQGLQJ URFN WR WKH YHQWLODWLRQ DLUZD\V LV
SURSRUWLRQDOWRWKHGLIIHUHQFHEHWZHHQWKHYLUJLQURFNWHPSHUDWXUHDQGWKHDLUWHPSHUDWXUH,QFDVHRI
ZHWDLUZD\VWKHKHDWIORZUDWHIURPWKHURFNWRWKHDLULQFUHDVHV
3.2. Autocompression
:KHQWKHVXUIDFHDLULVVHQWGRZQWKHZRUNLQJVHLWKHUQDWXUDOO\RUWKURXJKPDQPDGHYHQWLODWLRQLW
ZLOOH[SHULHQFHDFRPSUHVVLRQ7KLVPHDQVWKDWDOWKRXJKWKHYROXPHRIDLUZKLOHJRLQJGRZQUHGXFHV
EXWWKHDPRXQWRIKHDWUHPDLQVWKHVDPHUHVXOWLQJLQKRWWHUDLU7KHUPRG\QDPLFDOO\WKLVSKHQRPHQRQ
LVYHU\VLPLODUWRWKHZD\JDVUHDFWVLQDFRPSUHVVRUDLUHQWHULQJLQDPLQHWKURXJKVKDIWLVFRPSUHVVHG
DQG KHDWHG DV LW IORZV LQ D GRZQZDUG GLUHFWLRQ ,I WKHUH LV QR LQWHUFKDQJH LQ WKH KHDW RU PRLVWXUH
FRQWHQWRIWKHDLULQWKHVKDIWWKHFRPSUHVVLRQWDNHVSODFHDGLDEDWLFDOO\ZLWKWKHDWWHQGDQWWHPSHUDWXUH
ULVHIROORZLQJWKHDGLDEDWLFODZ
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ൌ ሺ݌ଶ െ ݌ଵሻ
ሾംషభം ሿ
:KHUH
7LVDEVROXWHGU\EXOEWHPSHUDWXUH&HOVLXV
pLVDWPRVSKHULFSUHVVXUH3DVFDO
ȖLVWKHUDWLRRIWKHVSHFLILFKHDWVRIDLUDWFRQVWDQWYROXPHDQGSUHVVXUHDQG
DQGGHQRWHVWKHLQLWLDODQGILQDOFRQGLWLRQVUHVSHFWLYHO\

7KHLQFUHDVHLQWHPSHUDWXUHLVDUHVXOWRISRWHQWLDOHQHUJ\EHLQJFRQYHUWHGWRWKHUPDOHQHUJ\
DV WKHDLU IDOOV WKURXJK WKHVKDIW:KHQDLURUDQ\RWKHU IOXLGIORZVGRZQZDUGV VRPHRI LWVSRWHQWLDO
HQHUJ\LVFRQYHUWHGWRHQWKDOS\SURGXFLQJLQFUHDVHLQSUHVVXUHLQWHUQDOHQHUJ\DQGKHQFHWHPSHUDWXUH

ܪ ൌ ܸܲ ൅ ܷ

:KHUH
+LVHQWKDOS\-NJ
3LVSUHVVXUHSDVFDO
9LVVSHFLILFYROXPH
8LVVSHFLILFLQWHUQDOHQHUJ\

7KHHIIHFWVRIDXWRFRPSUHVVLRQDUHYLUWXDOO\LQGHSHQGHQWRIDLUIORZ,QGHHSPLQHVWKHLQWDNH
DLUOHDYLQJWKHERWWRPVRIGRZQFDVWVKDIWVPD\DOUHDG\EHDWDWHPSHUDWXUHWKDWQHHGVFRROLQJ7KLVLV
WKHLQHYLWDEOHUHVXOWRIDXWRFRPSUHVVLRQ
7KHUHYHUVHHIIHFWDXWRGHFRPSUHVVLRQRFFXUVLQXSFDVWVKDIWVRUDVFHQWLRQDODLUZD\V7KLVLV
XVXDOO\RIOHVVFRQFHUQDVXSFDVWDLUZLOOKDYHQRHIIHFWRQFRQGLWLRQVLQWKHZRUNLQJV+RZHYHU WKH
UHGXFWLRQ LQ WHPSHUDWXUH GXH WR DXWRGHFRPSUHVVLRQ LQ XSFDVW VKDIWV FDQ UHVXOW LQ FRQGHQVDWLRQ DQG
IRJJLQJ7KHPL[WXUHRIDLUDQGZDWHUGURSOHWVPD\WKHQUHGXFHWKHOLIHRIWKHLPSHOOHUVRIH[KDXVWIDQV
VLWHGDWWKHVKDIWWRS
'XHWRDXWRFRPSUHVVLRQWHPSHUDWXUHLQFUHDVHVXSWR&SHUNPYHUWLFDOO\GRZQZDUGVHLWKHU
VKDIW RU GHFOLQH $V DXWRFRPSUHVVLRQ FRPELQHV ZLWK VXUIDFH DLU WHPSHUDWXUHV UHVXOWLQJ LQ D YHU\
VLJQLILFDQWVRXUFHRIKHDWDVPLQHVJRGHHSHUDQGGHHSHU
3.3. Mechanized equipment 
7KHRSHUDWLRQRIDOOPHFKDQL]HGHTXLSPHQWUHVXOWVLQHLWKHURIWKHWZRHIIHFWV
D :RUNLVGRQHDJDLQVWJUDYLW\DQGRU
E +HDWLVJHQHUDWHG

)HZH[DPSOHVRIHTXLSPHQWWKDWZRUNDJDLQVWJUDYLW\DUH
D $FRQYH\RUWUDQVSRUWLQJPDWHULDOXSDQLQFOLQH
E DVKDIWKRLVW
F DSXPS

9HKLFOHVRSHUDWLQJLQOHYHODLUZD\VURFNEUHDNLQJPDFKLQHU\WUDQVIRUPHUVOLJKWVDQGIDQVDUHDOO
GHYLFHVWKDWFRQYHUWDQLQSXWSRZHUYLDDXVHIXOHIIHFWLQWRKHDW
([FHSWWKHFRPSUHVVHGDLUPRWRUVDQGGHYLFHVVXFKDVOLTXLGQLWURJHQHQJLQHVDOORWKHUIRUPVRI
SRZHULQFOXGLQJHOHFWULFLW\DQGFKHPLFDOIXHOVSURGXFHWKHUPDOSROOXWLRQWKDWPXVWEHUHPRYHGE\WKH
HQYLURQPHQWDOFRQWUROV\VWHPLQDPLQH
3.3.1. Electrical equipment 
)LJXUHEHORZVKRZVWKHIDVKLRQLQZKLFKWKHSRZHUWDNHQE\DQHOHFWULFDOPDFKLQHLVXWLOL]HG,Q
WZRZD\VPDFKLQHHIILFLHQF\LVUHOHYDQWLQWKLVFRQWH[W
D )LUVWWKHWRWDODPRXQWRIKHDWSURGXFHGFDQEHUHGXFHGRQO\LIWKHPDFKLQHLVUHSODFHGE\
DQRWKHU PDFKLQH RI JUHDWHU HIILFLHQF\ WR JLYH WKH VDPH PHFKDQLFDO SRZHU RXWSXW DW
UHGXFHGSRZHUFRQVXPSWLRQ)RUDQ\JLYHQPDFKLQHWKHWRWDOKHDWSURGXFHGLVVLPSO\WKH
UDWHDWZKLFKSRZHULVVXSSOLHG
E 6HFRQGO\WKHHIILFLHQF\RIWKHPDFKLQHGHWHUPLQHVWKHGLVWULEXWLRQRIWKHKHDWSURGXFHG
466   Tripti Maurya et al. /  Procedia Earth and Planetary Science  11 ( 2015 )  463 – 468 
7KHJUHDWHUWKHHIILFLHQF\WKHORZHUWKHKHDWSURGXFHGDWWKHPRWRUDQGWUDQVPLVVLRQDQG
WKHJUHDWHULVWKHKHDWSURGXFHGDWWKHSLFNSRLQWFRQYH\RUUROOHUVDORQJWKHPDFKLQHUXQ
RUE\DQ\RWKHUIULFWLRQDOHIIHFWVFDXVHGE\WKHRSHUDWLRQRIWKHGHYLFH

)LJ+HDWSURGXFHGE\HOHFWULFDOPDFKLQH
3.3.2. Diesel equipment 
*HQHUDOO\ WKH HIILFLHQF\ RI GLHVHO HQJLQHV LV  WKH UHPDLQLQJ UG DUH UHOHDVHG LQ WKH
XQGHUJURXQGHQYLURQPHQW LQ WKHIRUPRIKHDW'LHVHO LVXVHG LQDOPRVWDOO WKHPLQLQJPDFKLQHV OLNH
ORDGHUVWUXFNVMXPERVH[SORVLYHVWUDQVSRUWYHKLFOHVIRXUZKHHOGULYHYHKLFOHVHWF
7KHLQWHUQDOFRPEXVWLRQHQJLQHVRIGLHVHOHTXLSPHQWKDYHDQRYHUDOOHIILFLHQF\RQO\DERXWRQHWKLUG
RIWKDWDFKLHYHGE\HOHFWULFDOXQLWV+HQFHGLHVHOVZLOOSURGXFHDSSUR[LPDWHO\WKUHHWLPHVDVHOHFWULFDO
HTXLSPHQWRIWKHVDPHPHFKDQLFDOZRUNRXWSXW7KLVFDQEHGHPRQVWUDWHGWDNLQJDVLPSOHH[DPSOH
&RQVLGHULQJUDWHRIIXHOFRQVXPSWLRQWREHSHUUDWHGN:SHUKRXUDWDFDORULILFYDOXHRI
N-OIRUGLHVHOIXHOWKHKHDWSURGXFHGLVRIKHDWHPLWWHGIRUHDFKNLORZDWWRIPHFKDQLFDORXWSXW


ൌ
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݈݅ݐݎ݁
ൌ ʹǤͺ͵
݇ܬ
ݏ
ሺ݋ݎܹ݇ܽݐݐݏሻ

7KLVKHDWDSSHDUV LQ WKUHHZD\VHDFKRIZKLFKPD\EHRI URXJKO\ WKHVDPHPDJQLWXGH2QHWKLUG
DSSHDUVWREHKHDWIURPWKHUDGLDWRUDQGPDFKLQHERG\RQHWKLUGDVKHDWLQWKHH[KDXVWJDVHVDQGWKH
UHPDLQLQJ WKLUG DV XVHIXO VKDIW SRZHUZKLFK LV WKHQ FRQYHUWHG WR KHDW E\ IULFWLRQDO SURFHVVHV DV WKH
PDFKLQHSHUIRUPVLWVWDVN
$VZLWKRWKHUW\SHVRIKHDWHPLWWLQJHTXLSPHQWWKHUHLVOLWWOHQHHGLQPRVWFDVHVWRFRQVLGHUSHDN
ORDGV ,W LVVXIILFLHQW WREDVHGHVLJQFDOFXODWLRQVRQDQDYHUDJHUDWHRIPDFKLQHXWLOL]DWLRQ7KHPRVW
DFFXUDWHPHWKRGRISUHGLFWLQJWKHKHDWORDGLVRQWKHEDVLVRIDYHUDJHIXHOFRQVXPSWLRQGXULQJDVKLIW
7KHODWWHULVGHILQHGDVWKHIUDFWLRQRIIXOOORDGZKLFKLIPDLQWDLQHGFRQWLQXRXVO\ZRXOGXVHWKHVDPH
DPRXQWRIIXHODVWKHDFWXDOLQWHUPLWWHQWORDGRQWKHPDFKLQH
$GLIIHUHQFHEHWZHHQGLHVHO DQGHOHFWULFDO HTXLSPHQW LV WKDW WKH IRUPHUSURGXFHVSDUW RI LWV KHDW
RXWSXWLQWKHIRUPRIODWHQWKHDW(DFKOLWUHRIGLHVHOIXHOWKDWLVFRQVXPHGSURGXFHVDSSUR[LPDWHO\
OLWUHRIZDWHUOLTXLGHTXLYDOHQWLQWKHH[KDXVWJDVHV7KLVPD\EHPXOWLSOLHGVHYHUDOWLPHVRYHUE\WKH
HYDSRUDWLRQRIZDWHUIURPFRROLQJV\VWHPDQGZKHUHZDWHULVHPSOR\HGLQHPLVVLRQFRQWUROV\VWHPV,Q
VLWXWHVWVKDYHVKRZQWKDWWKHIDFWRUFDQYDU\IURPWROLWUHRIZDWHUSHUOLWUHRIIXHOGHSHQGLQJRQ
WKHGHVLJQRIWKHHQJLQHH[KDXVWWUHDWPHQWV\VWHPDQGWKHSURILFLHQF\RIPDLQWHQDQFH
3.3.3. Compressed air 
:KHQFRPSUHVVHGDLULVXVHGIRUGULOOLQJRUDQ\RWKHUSXUSRVHWKHQWKHUHDUHWZRRSSRVLQJHIIHFWV
WKDWJRYHUQWKHKHDWORDG
D )LUVW WKHZRUNRXWSXWRIWKHPDFKLQHZLOOUHVXOW LQIULFWLRQDOKHDWDW WKHSLFNSRLQWRUDVWKH
PDFKLQHSHUIRUPVLWVWDVNV
E 6HFRQG WKH UHPRYDO RI HQHUJ\ IURP WKH FRPSUHVVHG DLU ZLOO UHVXOW LQ WKH UHGXFWLRQ RI WKH
WHPSHUDWXUHRIWKDWDLUDWWKHH[KDXVWSRUWVRIWKHPDFKLQH
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3.4. Explosives and blasting 
,WKDVEHHQHVWLPDWHGWKDWDERXWRIWKHHQHUJ\UHOHDVHGGXULQJEODVWLQJHYHQWXDOO\ILQGVLWV
ZD\LQWRWKHXQGHUJURXQGHQYLURQPHQWDVKHDW,WLVSUREDEOHWKDWVRPHRIWKHKHDWLVZDVKHGDZD\ZLWK
WKHEODVWLQJIXPHVDQGVRPHJHWV WUDSSHG LQ WKHEURNHQURFNZKLFKPD\EHUHOHDVHGGXULQJ WKHURFN
UHPRYDO 7KH DPRXQW RI KHDW UHPRYHG E\ HDFK SURFHVV LV D IXQFWLRQ RI URFN IUDJPHQWDWLRQ WKH
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